The effects of dopamine on arteries are different depending on the dose, route of administration, and receptor population. Its administration can cause vasodilation by stimulation of dopaminergic receptors, vasoconstriction by stimulation of a-adrenergic and serotonergic receptors, and even spasm of cerebral arteries when given intracisternally in dogs. The ability of dopamine to provoke coronary spasm was assessed in 18 patients with active vasospastic angina in whom this amine was infused at rates of 5, 10, and 15 g.g/kg/min for periods of 5 min each. The 12-lead electrocardiogram and blood pressure (cuff) were monitored throughout the whole test. In nine patients dopamine caused angina and ischemic electrocardiographic changes suggestive of coronary spasm: ST segment elevation in six patients and ST segment depression in the absence of important coronary stenoses in the remaining three. Infusion of dopamine was repeated during coronary angiography in three patients with positive test results; this provoked occlusive coronary spasm with ST segment elevation in two patients and nonocclusive spasm with ST segment depression in the remainder. In conclusion, infusion of dopamine provokes coronary spasm in a sizeable proportion of patients with active vasospastic angina. Its administration may be detrimental in patients susceptible to coronary spasm, such as those with acute myocardial infarction.
IN THE VAST MAJORITY of patients with active vasospastic angina, coronary spasm is consistently provoked by ergonovine maleate. 1-3 This test is useful for the diagnosis of variant angina but does not provide information about the mechanism of spontaneous spasm, since ergonovine is not a biogenic substance. A number of more "physiologic" vasoconstrictor stimuli have been tested to this end. In an early study, Yasue et al. 4 reported that administration of epinephrine consistently resulted in coronary spasm; however, their data were not subsequently confirmed. Furthermore, Chierchia et al.' failed to induce coronary spasm with phenylephrine, a "pure" a-receptor agonist, in 12 consecutive patients with active variant angina. More recently, Ginsburg et al. 6 induced coronary spasm in four patients with variant angina by infusion of histamine after blockade with cimetidine of H2 receptors. This finding was confirmed at our institution in about 50% of patients with variant angina.
Dopamine is a biogenic amine known to produce spasm of cerebral arteries when given intracisternally in dogs.7 To investigate its potential role in precipitating coronary spasm, we administered dopamine to 18 patients with active variant angina.
Patients and methods
Patients (table 1) . Eighteen patients (14 men, four women; mean age 49 + 10 years) with variant angina, admitted to our institution from January 1982 to December 1984, were selected for study. They all reported angina predominantly at rest (>7 episodes/week) with frequent attacks in the early morning hours. Holter monitoring showed episodes of transient ST segment elevation in nine patients; the remaining nine had both ST segment depression and ST segment elevation alternating in the same leads during different episodes.
Two patients had had previous myocardial infarctions, occurring 12 and 18 months before the study, respectively. All patients were normotensive and had no evidence of cardiac failure. Sixteen patients were in sinus rhythm and two were in atrial fibrillaton. No patients had conduction disturbances or left ventricular hypertrophy on the electrocardiogram (ECG) that could prevent the interpretation of ST segment changes. Coronary angiography was performed in 17 patients; one patient declined this investigation. Each patient gave informed consent for participating in the study. Provocative test protocol. All patients underwent testing with dopamine and ergonovine in random order. Both tests were performed in the morning (between 9 A.M. and 1 P.M.) on different days within 1 week. All provocative tests were performed in the exercise laboratory, which was adjacent to the catheterization laboratory. None of the patients were on ,3blockers or digoxin at the time of the study. Calcium-antagonists and long-acting nitrates were withdrawn at least 2 days before the tests; only sublingual nitroglycerin was used during this period, but never less than 2 hr before the tests. Smoking and alcohol consumption were prohibited on the test days. Blood pressure (cuff sphygmomanometer) and 12-lead ECGs were obtained during the control period, at 1 min intervals during the tests and for 15 min during recovery. Three ECG leads were monitored continuously throughout the whole session. Myocardial ischemia was relieved by amyl nitrite and subsequent intravenous injection of isosorbide dinitrate. Dopamine test. With the patient in the supine position, dopamine was infused intravenously, through an antecubital vein, at incremental rates of 5, 10, and 15 gg/kg/min for periods of 5 min each. In the last 10 patients the test was repeated within a few days (2 to 4) during coronary angiography, according to the same protocol.
CIRCULATION
Ergonovine test. Ergonovine maleate was administered intravenously in incremental doses of 0.025, 0.05, 0.1, 0.2, and 0.3 mg at intervals of 5 min, with the patient in the supine position. In 15 patients the test was repeated within a few days during coronary angiography, according to the same protocol. In those patients in whom both dopamine and ergonovine tests were performed at angiography, dopamine was always given first.
Data analysis. Electrocardiographic changes were considered diagnostic of myocardial ischemia when either ST segment elevation greater than 0.1 mV or rectilinear or downsloping ST segment depression greater than 0.1 mV occurred in at least two different leads. ST segment elevation was considered only if observed in leads without pathologic Q waves.
Coronary stenoses were considered significant for reduction of internal lumen diameter of 70% or greater.
Continuous data were expressed as mean + 1 SD.
Results
Dopamine caused ST segment elevation in six patients, ST segment depression in four, and no ischemic changes in eight. Five of the 10 patients with a positive response to dopamine and three of the eight patients with a negative response had coronary arteries without significant stenoses (figure 1).
Positive response to dopamine with ST segment elevation (table 2) ECG data. In six patients, dopamine precipitated ST segment elevation and angina (figure 2). In all six, ergonovine (mean cumulative dose 0.208 + 0.124 mg) also precipitated angina and ST segment elevation similar to that observed after dopamine.
Angiographic data. Baseline coronary angiography showed insignificant narrowings in two patients, onevessel disease in one, and two-vessel disease in two and was not performed in the remaining patient. In patients 11, 14, and 15, both dopamine and ergonovine tests were repeated during angiography. In patients 11 (figure 3) and 15, both drugs provoked coronary spasm followed by ST segment elevation and angina; spasm occurred in an angiographically normal artery in one patient and was superimposed on a significant stenosis in the other. In patient 14, ergonovine precipitated coronary spasm, whereas dopamine failed to cause obvious changes in coronary diameter or the electrocardiographic changes observed during the first test performed a few days before. In patients 3 and 4, no provocative tests were performed at angiography; the latter had spontaneous spasm.
Positive response to dopamine with ST segment depression (table 2) ECG data. Dopamine precipitated ST segment depression and angina in four patients. Ergonovine (mean cumulative dose 0.325 + 0.264 mg) precipitated ST segment elevation and angina in three patients and ST segment depression and angina in the remainder.
Angiographic data. Baseline coronary angiography showed insignificant narrowings in three patients and one-vessel disease in one. In patients 13 and 17, both dopamine and ergonovine tests were repeated during angiography. In patient 13, both tests provoked nonocclusive coronary spasm of an apparently normal artery followed by ST segment depression and angina (figure 4). Patient 17 had spontaneous nonocclusive spasm superimposed on a noncritical coronary narrowing; this was followed by ST segment depression and angina. In this patient, dopamine, which had provoked 264 ST segment depression a few days earlier, failed to cause obvious angiographic or electrocardiographic changes. After return to baseline, administration of ergonovine resulted in occlusive spasm of the same artery, followed by angina and ST segment elevation. In patients 6 and 8, only the ergonovine test was performed during angiography and precipitated coronary spasm in both.
Negative response to dopamine (table 2) ECG data. In eight patients dopamine given at the maximal infusion rate did not precipitate diagnostic ST segment changes; two of these patients, however, complained of typical chest pain during the test. With dopamine, all patients exhibited nonspecific T wave peaking and prominent U waves in the precordial leads. Ergonovine (mean cumulative dose 0.262 ± 0.203 mg) precipitated ST segment elevation and angina in all.
Angiographic data. Baseline coronary angiography showed nondiagnostic narrowings in three patients, one-vessel disease in four, and two-vessel disease in one. In patients 9, 10, 12, 16, and 18, both dopamine and ergonovine tests were repeated during angiography. Dopamine did not cause spasm or ischemic electrocardiographic changes in any of the patients, whereas ergonovine did so in all five. In patients 1, 5, and 7 only the ergonovine test was performed during angiography and provoked coronary spasm in all.
Hemodynamic findings and adverse effects. At peak infusion, dopamine caused an increase in both heart rate (16 + 8 beats/min) and systolic blood pressure (23 ± 9 mm Hg). The hemodynamic response was similar in patients with a positive or negative response to the dopamine test. None of the patients had major adverse effects during infusion of dopamine; 11 patients complained of palpitation and eight of mild headache. The ECG showed occasional isolated premature ventricular beats in five patients, without signs of ischemia. In two patients frequent premature ventricular beats and couplets were seen during dopamine-induced ST segment elevation.
Ergonovine did not cause an appreciable increase in heart rate; systolic blood pressure never increased by more than 10 mm Hg.
Discussion
Dopamine-induced coronary spasm. Dopamine, at the doses given in this study, precipitated myocardial ischemia in 10 of 18 patients with variant angina. Although dopamine increases myocardial oxygen demand and direct angiographic evidence for spasm was obtained in only three patients, our data provide indi-CIRCULATION CREA et al. V6 rect evidence that in at least six others myocardial ischemia was caused by coronary spasm. Indeed, in four of these patients dopamine precipitated ST segment elevation, an accepted electrocardiographic marker of coronary spasm. 8 12 In the remaining two, dopamine caused ST segment depression and angina, but neither of them had significant coronary narrowings (only 50% diameter reduction in one vessel). Therefore it is likely that myocardial ischemia was predominantly caused by nonocclusive coronary U ---C A -u CNonocclusive spontaneous spasm and occlusive spasm after ergonovine.
spasm resulting in subendocardial ischemia12 rather than by an increase in myocardial oxygen demand. Our interpretation is supported by the observation that in these two patients, a maximal exercise test performed in the same week did not cause ST segment changes in spite of an increase in heart rate-blood pressure product similar to that observed during infusion of dopamine. Furthermore, one of the these two patients developed spontaneous nonocclusive spasm during angiography accompanied by ST segment depression similar to that observed a few days earlier during the dopamine test. Although in this same patient administration of dopamine during angiography did not produce either angina or ST segment changes, the hemodynamic response was similar to that seen during the first test. Finally, other patients who had a similar hemodynaimc response to dopamine did not develop electrocardiographic signs of myocardial ischemia even in the presence of significant coronary stenoses. The role played by coronary vasoconstriction in precipitating myocardial ischemia is difficult to establish in one patient with significant coronary atherosclerosis 266 in whom dopamine provoked ST segment depression; in this patient the test was not repeated at angiography. Receptors involved. Dopamine can cause vasodilation by stimulation of two subtypes of peripheral dopaminergic receptors: DA1, located postsynaptically, and DA2, located on postganglionic sympathetic nerves whose activation inhibits catecholamine release.13 In this study, however, patients who did not develop coronary spasm after dopamine did not show any obvious dilation of epicardial arteries. What turns the potential coronary dilator stimulus of dopamine into coronary spasm is unknown. It might be postulated that in variant angina the stimulation of dopaminergic receptors could result in a paradoxic constrictive response. Yet pretreatment with domperidone, an antagonist of peripheral dopaminergic receptors,14 failed to prevent dopamine-induced angina and ST segment elevation in three of our patients (Nos. 2, 3, and 4). This finding, however, does not rule out the possibility that in patients with variant angina, a decreased sensitivity of peripheral dopaminergic receptors could have unmasked the vasoconstrictor effects of dopamine NLJASL AASmUmL mediated by other receptors. Studies in vitro have shown that the vasoconstrictor effects of dopamine are mediated by both a-adrenergic and serotonergic receptors. Vasoconstriction, in fact, is only attenuated by pretreatment with either phentolamine or cyproheptadine and entirely prevented when both antagonists are used. 15 It is worth noting that the same classes of receptors seem to be responsible for the vasoconstrictor effects of ergonovine maleate, 16 the most potent stimulus known to trigger coronary spasm in patients with variant angina. -3 In the central nervous system, endogenous dopamine is an important neurotransmitter. Exogenous dopamine, however, does not cross the blood-brain barrier'7; consequently, it is unlikely that central dopaminergic receptors played any role in mediating the spasmogenic effects of the drug.
Pathogenetic implications. Coronary spasm may be provoked in the same patient by a number of apparently unrelated vasoconstrictor stimuli.'8 This seems to suggest that a local supersensitivity of coronary smooth muscle to constrictor stimuli plays a key role in the pathogenesis of coronary spasm. '9-21 Yet powerful constrictors such as phenylephrine do not cause coronary spasm5; therefore, the interaction of adequate stimuli with hyperreactive smooth muscle is probably needed to cause it.
Our study shows that, like other constrictor agents, dopamine also has the ability to provoke coronary spasm. This observation is of interest because dopamine is a biogenic amine released by peripheral sympathetic nerves.22 23 Although it would be tempting to speculate that dopamine could be one of the possible mediators of coronary spasm, Robertson et al. 24 found that spontaneous episodes of coronary spasm were not preceded by a detectable increase in coronary sinus dopamine levels. However, this technique is probably unable to pick up a highly targeted release of dopamine. The ability of various combinations of a-adrenergic and serotonergic antagonists with dopaminergic agonists to prevent coronary spasm could help in identifying the pathogenetic role of these receptor classes in individual patients.
Clinical implications. At the present time, the routine use of dopamine as an alternative test for the detection of coronary spasm does not appear to be warranted in view of the lower sensitivity of this agent compared with ergonovine.
Dopamine is frequently used as an inotropic agent in patients with acute myocardial infarction complicated by heart failure. Since coronary spasm may play a role in the early stages of myocardial infarction,25 29 the potential spasmogenic effects of dopamine might be detrimental in this setting.
